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significant	 (p	<	.05)	 positive	 correlations	 between	 fat	 and	 aflatoxin	 contents	 for	
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1  | INTRODUC TION




sive	 breastfeeding.	 Appropriate	 and	 adequate	 complementary	
foods	are	essential	for	good	physical	and	mental	growth	in	infants	
and	young	children	(Ijarotimi	&	Keshinro,	2013).	Many	products	can	
be	used	as	 complementary	 foods,	but	 the	most	widely	 consumed	
and	nutritionally	cost-	effective	products	in	most	of	the	developing	
countries	 are	 composite	 flours,	 which	 can	 be	 used	 to	 produce	 a	
gruel	or	porridge,	typically	made	from	a	starchy	staple	(e.g.,	maize,	
rice,	or	wheat)	and	mixed	 in	 fixed	 ratios	with	a	 legume	flour	 (e.g.,	
















Tanya,	 2005).	 Many	 research	 studies	 have	 reported	 the	 nutrient	
composition	 of	 complementary	 foods	 (including	 the	 fortified	
blended	complementary	foods)	in	different	part	of	the	world,	most	
especially	 in	 developing	 countries.	Adepoju	 and	Etukumoh	 (2014)	
evaluated	 the	 nutrient	 composition	 of	 four	 used	 complementary	




Ijarotimi	 and	Keshinro	 (2013)	 also	 evaluated	 nutritional	 quality	 of	
complementary	 foods	 using	 popcorn,	 Bambara	 groundnut,	 and	






1.03	 to	2.54	g/100	g	with	 the	crude	protein	 ranging	 from	6.37	 to	
7.88	g/100	g.	 Gibson	 et	al.	 (1998)	 reported	 that	 complementary	
foods	should	give	25%–50%	of	total	daily	requirements	for	protein	
and	 that	 most	 of	 the	 twenty-	three	 plant-	based	 complementary	
foods	consumed	 in	developing	countries	appear	 to	meet	 the	esti-
mated	 daily	 nutrient	 needs	 (per	 day;	 per	 100	kcal)	 from	








cal,	 chemical,	 and	 biological	 factors	 (Shepard,	 2008).	 Of	 the	 400	
mycotoxins	produced,	agriculturally	important	fungal	toxins	are	de-
oxynivalenol,	 zearalenone,	 ochratoxins,	 fumonisins,	 and	 aflatoxins	
(Miller,	1995;	Wagacha	&	Muthomi,	2008).	Aflatoxins	are	produced	
by	Aspergillus flavus and Aspergillus parasiticus	in	both	field	and	stor-
age.	Infection	is	most	common	after	the	kernels	have	been	damaged	
by	 insects,	 birds,	mites,	 hail,	 early	 frost,	 heat	 and	 drought	 stress,	











and	 cirrhosis	 of	 the	 liver	 is	 typical,	 along	with	 hemorrhaging	 and	
edema.	Aflatoxins	are	quite	stable	compounds	and	survive	relatively	
high	temperatures	with	 little	degradation.	Other	 factors	 influence	
their	heat	 stability,	 such	as	moisture	 level	 and	pH,	but	heating	or	
cooking	processes	cannot	be	relied	upon	to	destroy	aflatoxins.	Most	
complementary	foods	are	cereal-	dependent	and	are	thus	suscepti-
ble	 to	 aflatoxin	 contamination	which	 has	 been	 confirmed	 by	 evi-
dence	 in	sub-	Saharan	countries	 such	as	Benin	 (Gong	et	al.,	2004),	




utes	as	much	as	49.4%	of	 the	dietary	calories	 intake	 (FAO,	2013).	
The	reliance	on	maize-	and	groundnut-	based	meals	during	a	child’s	
weaning	stage	could	 increase	exposure	 to	 food-	borne	mycotoxins	
particularly	aflatoxins.	Thus,	 these	 food	mixes	may	be	resulting	 in	







Cotty	 (2017)	 re-	emphasized	 this	 threat	 for	 children	by	giving	evi-
dence	 of	 aflatoxin	 contamination	 in	 both	 maize	 and	 groundnuts.	
Finished	food	products	should	have	less	than	0.1	ppb	of	aflatoxin,	
EU	 and	 USA	 standards	 for	 corn/soy/groundnut	 blends	 for	 young	
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children	(MIYCN	Working	Group,	2009).	There	are	various	causes	of	
inadequate	 and	 unsafe	 complementary	 foods	 that	 contribute	 to-
ward	malnutrition	in	Zambia.	Among	them	include	the	following:	use	
















nutrient	 and	 aflatoxin	 contamination	 levels.	 This	 study	 aimed	 at	











2.2 | Study location and sampling of respondents
A	 total	 of	 400	mother–child	 pairs	 from	 selected	 eight	 agricultural	
camps	 in	 each	 of	 the	 two	 districts	 (Monze	 and	 Chipata	 districts)	
were	 randomly	 selected	 for	 this	 study.	 A	 minimum	 total	 of	 25	





	sector	 where	 farmers	 are	 grouped	 around	 agricultural	 extension	
	service	provision	with	an	extension	officer.
2.3 | Selection and training of research assistants
A	total	of	20	research	assistants	(12	females	and	8	males)	from	the	











nel.	The	 instruments	were	 revised	after	analyzing	 the	pilot	 survey	
data.





2.6 | Sampling of complementary food
The	trained	research	assistants	collected	each	complementary	sam-
ple	w	into	a	well-	labeled	plastic	container	with	snap	lid	(500	mL	size)	




Moisture,	 ash,	 fat,	 and	 crude	 protein	 contents	 were	 determined	
using	 the	 methods	 described	 by	 Alamu,	 Maziya-	Dixon,	 Popoola,	
















level	 (Neogen,	 2015).	 The	 test	 provides	 quantitative	 analysis	
for	 the	 presence	 of	 aflatoxin,	 using	 nonhazardous,	 water-	based	
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extraction	 solution	 along	 with	 an	 aflatoxin-	antibody	 particle	
complex	coated	test	strip	and	the	Neogen	AccuScan	Gold	reader.	
About	 50	g	 sample	 was	 blended	 in	 100	mL	 of	 65%	 ethanol	 for	




on	 rotary	 shaker	 at	maximum	 speed	 for	 3	min,	 and	 the	 content	
was	 filtered	 through	 a	Whatman	No.	 1	 filter	 paper.	 The	 sample	
extract	 (100	μL	of	sample)	was	mixed	with	the	Reveal	Q+	sample	
diluent	 (500	μL	of	diluent).	A	Reveal	Q+	 test	 strip	was	dipped	 in	
100 μL	 of	 the	 mixture	 for	 6	min,	 removed,	 and	 inserted	 in	 the	










An	 ethical	 clearance	 approval	 was	 obtained	 from	 The	University	 of	












3  | RESULTS AND DISCUSSION
Infant	child	feeding	practices	of	mothers	from	Monze	and	Chipata	
districts,	 nutrient	 content	 of	 traditional	 complementary	 foods	 of	
their	infants,	and	aflatoxin	contamination	of	these	traditional	foods	
are	presented	in	Tables	1–6.




the	 community	 healthcare	 providers	 and	 attending	 the	 scheduled	
postantenatal	sessions.	Less	than	10	percent	of	all	respondent	were	
unaware	 of	 the	 definition	 and	 advantages	 of	 exclusively	 breast-
feeding	 infants	for	at	 least	6	months	(Table	1).	This	result	holds	an	
advantage	 for	 care	 of	 the	 infant,	 because	 a	mother	who	has	 high	





(33.52%)	 introduced	 solid	 foods	 just	 after	 6	months.	 Exclusive	
breastfeeding	 is	 recommended	 up	 to	 6	months	 of	 age	 by	 WHO,	






with	WHO	 recommended	 period	 of	 exclusive	 breastfeeding.	 It	 is	
clear	 that	 timing	of	 the	 introduction	of	complementary	 foods	was	
proper;	however,	 the	quality	of	 the	 foods	may	be	 found	to	be	the	
cause	of	short-	term	and	long-	term	outcomes	of	undernutrition	and	
overnutrition	(Hussein,	2005;	Muniandy,	Allotey,	Soyiri,	&	Reidpath,	













Percent (N) Percent (N)




0 months 2.9	(21) 1.93	(14)
3 months 1.93	(14) 1.52	(11)




0 months 0.62	(4) 0.93	(6)
1 months 0.47	(3) 0	(0)
2 months 0.62	(4) 0.16	(1)
3 months 2.33	(15) 1.71	(11)
4 months 3.88	(25) 1.4	(9)
5 months 4.81	(31) 2.48	(16)
6 months 42.48	(274) 38.14	(246)
















the	 level	 of	 proportion	 of	 water	 to	 flour	 and	 processing	 technol-
ogy	 affected	 the	 quality	 of	 complementary	 foods.	 The	 values	 of	
protein,	fat,	and	ash	reported	in	this	study	were	in	close	agreement	
with	what	Adepoju	and	Etukumoh	(2014)	reported	for	the	four	used	
complementary	 foods	 (CFs)	 in	 two	 local	 government	 areas	 (LGAs)	
of	Akwa	Ibom	State,	Nigeria.	The	mean	moisture	content	of	Nshima	





Chipata (N = 161) Monze (N = 140)
Mean ± SD Min Max CV Mean ± SD Min Max CV
MC 26.6	±	3.58a 15.2 34.8 13.4 32.4	±	2.07b 26.5 35.4 6.4
DM 73.1	±	3.08a 63.4 83.2 4.2 67.6	±	2.07b 64.6 73.5 3.1
ASH 0.2	±	0.23a 0 2.2 94.5 0.7	±	0.36b 0.3 1.6 50.7
FAT 0.1	±	0.11a 0 0.9 75.4 0.3	±	0.14b 0 0.6 40.7
PROTEIN 2.5	±	0.84a 0.1 8.7 33.4 2.6	±	0.41a 1.8 3.4 16
SUGAR 1.1	±	2.26a 0 23.3 210.9 0.8	±	0.65a 0.1 2.2 81.7
STARCH 23.2	±	5.47a 13.6 38.5 23.6 28.8	±	5.7b 18.3 40 19.8





Chipata (N = 60) Monze (N = 41)
Mean ± SD Min Max CV Mean ± SD Min Max CV
MC 78.8	±	4.75a 70.4 88.6 6 82.5	±	1.53a 80.9 84.2 1.9
DM 21.2	±	4.75a 11.4 29.6 22.4 17.5	±	1.53a 15.8 19.1 8.7
ASH 0.4	±	0.32a 0.1 1.1 83.7 0.2	±	0.07b 0.1 0.3 32.7
FAT 0.2	±	0.09a 0 0.3 58.7 0.3	±	0.19a 0.2 0.5 56.9
PROTEIN 2	±	0.82a 1 3.7 41.8 2.2	±	0.06a 2.1 2.2 2.7
SUGAR 1	±	0.62a 0.1 2.5 62.4 0.1	±	0.08b 0 0.2 78.9
STARCH 21.5	±	4.02a 14.7 29.4 18.7 16	±	0.29b 15.8 16.4 1.8











Percent (N) Percent (N)
Taste Yes 5.24	(38) 33.66	(244)
No 52	(377) 9.1	(66)
Cost Yes 4.97	(36) 11.31	(82)
No 52.28	(379) 31.45	(228)
Availability Yes 27.17	(197) 28	(203)
No 30.07	(218) 14.76	(107)
Age Yes 20.41	(148) 15.86	(115)
No 36.83	(267) 26.9	(195)
Preparation Yes 2.21	(16) 4.97	(36)
No 55.03	(399) 37.79	(274)
Others Yes 0.28	(2) 1.66	(12)
No 56.97	(413) 41.1	(298)




Monze.	 The	 results	 presented	 in	 Tables	2	 and	 3	 show	 an	 obvious	
difference	in	the	preparation	methods	of	the	same	food	across	the	
two	districts.	This	is	clear	in	the	moisture	contents	of	the	two	foods	





In	 general,	 the	nutrient	 content	of	 the	 traditional	 complemen-
tary	samples	 from	Zambia	was	very	 low	compared	to	the	blended	
complementary	samples	 reported	 in	 the	 literature	and	 the	 recom-
mended	WHO	nutrient	 level	 for	 complementary	 foods.	According	
to	 Ijarotimi	and	Keshinro	 (2013),	 the	protein	content	should	 range	
from	 26.87	 to	 20.87	g/100	g	 for	 various	 blended	 complementary	
foods.	 Anigo	 et	al.	 (2010)	 suggested	 the	 ash	 content	 ranged	 from	
1.03	 to	2.54	g/100	g	with	 the	 crude	protein	 ranging	 from	6.37	 to	






3.3 | Mothers perspective on quality 
characteristics of maize- based complementary foods




of	 preparation	 (Table	4).	 The	 results	 showed	 that	 most	 mothers	
from	both	districts	did	not	consider	the	cost	(84%	of	mothers)	and	




Siame,	Baisley,	Kasonka,	 and	Filteau	 (2011)	who	 found	 that	 lower	
income	women	scored	higher	in	giving	adequate	infant	feeding	that	
those	with	higher	economic	status.	This	noneffect	of	economic	sta-
tus	 suggests	 that	 intention	 to	 give	 care	 supersedes	 availability	 of	




Monze	mothers	 (Table	4).	This	 implies	that	 irrespective	of	the	age,	
the	choice	of	complementary	foods	given	to	the	child	did	not	vary.	
Taste	of	the	foods,	however,	had	influence	on	the	preference	of	the	








3.4 | Aflatoxin contents of maize- based 
complementary food samples
Table	5	 shows	 the	 aflatoxin	 content	 of	 commonest	 complemen-
tary	foods	(Nshima	and	Maize	porridge)	among	mothers	in	Zambia.	
Porridge	(5.8	±	15.93	mg/100	g)	from	Chipata	was	the	most	contam-
inated	of	 all	 samples,	while	Nshima	 (3.8	±	6.41	mg/100	g)	was	 the	
Location Food type N Mean Median SD Min Max CV
Chipata Nshima 161 2.2cd 1.4 3.96 0.4 30 55.56
Porridge 60 5.8a 1.9 15.93 0.1 104 36.41
Monze Nshima 140 3.8b 1.5 6.41 0.3 33.6 59.28







MC Ash Fat Protein Sugar Starch CHO Energy
Chipata	district
Aflatoxin	content 0.11137 −0.01679 0.12409* −0.01877* 0.08042 −0.10615 −0.09856 −0.11379
Monze	district
Aflatoxin	content −0.19283 −0.05785 0.13666* −0.40105* 0.23213 0.04349 −0.10470 −0.18787
CHO,	total	carbohydrate;	MC,	moisture	content.
*Significance	at	p < .05.
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most	contaminated	of	the	two	complementary	foods	from	Monze.	
The	mean	aflatoxin	concentrations	of	studied	complementary	foods	
were	much	higher	 than	the	acceptable	 limits	 for	crops	 in	Zambian	
populations	which	are	2	ppb.	The	mean	values	are	also	higher	than	al-
lowed	World	Food	Programme	standards	for	finished	foods	(MIYCN	





2004;	 Reddy	 &	 Raghavender,	 2007)	 and	 has	 been	 highlighted	 as	





3.5 | Correlation analysis of parameters of maize- 
based complementary food samples





total	 carbohydrate	 showed	 a	weak	 negative	 correlation.	 This	 sug-
gests	that	food	samples	with	high	aflatoxin	contamination	showed	
poor	 nutrient	 level,	 and	 the	 consumption	 of	 highly	 contaminated	
samples	would	mean	poor	consumption	of	essential	nutrients	and	
has	double	negative	effects	on	the	children	nutritional	status	of	the	
children.	 However,	 only	 sugar	 and	 starch	 showed	weak	 and	 non-
significant	 (p	>	.05)	positive	 correlation	 for	Monze	complementary	
samples.	There	was	significant	(p	<	.05)	positive	correlation	between	
fat	 and	 aflatoxin	 for	 Chipata	 samples	 (r	=	.12409)	 and	 for	 Monze	
samples	(r	=	.13666).	However,	there	was	significant	(p	<	.05)	nega-
tive	 correlation	 for	 protein	 (Chipata	 samples,	 r	=	−.01877,	Monze,	
r	=	−.40105).	 These	 results	 agree	with	 the	 findings	of	Zubair	 et	al.	
(2011),	who	reported	that	the	interaction	of	aflatoxin	with	proximate	
composition	and	 fatty	 acids	 showed	 that	B1	was	positively	 corre-
lated	(r	>	.05)	with	protein,	ash,	and	fiber	while	negatively	correlated	
(r	<	−.05)	with	fat	and	oleic	acid.	It	could	be	concluded	that	the	toxin	
production	 efficiency	 of	Aspergillus flavus	 was	 dependent	 on	 bio-
chemical	composition.
4  | CONCLUSION
In	conclusion,	 the	differences	 in	 the	 food	preparation	and	feeding	
practices	 of	 mothers	 from	 these	 two	 districts	 could	 help	 design	
interventions	and	develop	nutrition	programmes	aimed	at	 the	 tar-
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